Genetic, biochemical, and immunological studies have contributed to an understanding of the relationship between tryptophan synthetase of Neurospora crassa and its structural gene, the td locus (Yanofsky, 1960; Bonner, Suyama, and DeMoss, 1960) . The tryptophan synthetase of wild-type strains catalyzes three reactions: the formation of tryptophan from indole-3-glycerol phosphate (InGP) and serine, the conversion of indole and serine to tryptophan, and the formation of indole from InGP (DeMoss, 1962 ).
An understanding of the regulation of tryptophan synthetase formation in N. crassa is still limited, and can be summarized as follows: (i) the wild-type enzyme is maximally repressed in growing cultures of wild-type strains (Lester, 1961; Matchett and DeMoss, 1962) ; (ii) a threefold increase of tryptophan synthetase activity occurs when strain 10575 (an auxotroph blocked early in tryptophan biosynthesis) is grown in media containing low levels of tryptophan (Lester, 1961) ; (iii) conditions which derepress fivefold the synthesis of a mutationally altered form of tryptophan synthetase in strain td 201 [catalyzes only indole + serine -> tryptophan (Rachmeler and Yanofsky, 1961) ] fail to derepress synthesis of the enzyme in wild-type strains (Matchett and DeMoss, 1962) ; (iv) the hist-1 mutant C84 produces two-to threefold more tryptophan synthetase activity than does the parental wild-type strain (Hogness and Mitchell, 1954) .
Further investigation of this last finding seemed warranted. The genetic crossing data of Hogness and Mitchell (1954) indicated that the increased tryptophan synthetase activity segregated with the C84 gene, but the data were not sufficient to indicate whether this characteristic was inherent in the C84 mutant gene itself or was caused by a closely linked gene. The elimination of the latter possibility by enzyme assays of single spore isolates seemed endless. Consequently, enzyme assays were carried out on a number of hist-1 mutants isolated from two different wild-type strains: Em a and 74A.
The hist-1 mutant strains used were chosen because they differed from each other with regard to induced reversion rate, complementation pattern, and genetic map location within the hist-1 locus (M. E. Case, personal communication; Catcheside, 1960) . To determine whether the raised level of tryptophan synthetase was limited to hist-1 mutants or characteristic of histidine mutants generally, the enzyme level was measured in isolates from each of the nine known histidine mutant classes in N. crassa (Webber and Case, 1960; Fink, 1964) . [Although genetic data indicate seven histidine loci in N. crassa, the hist-3 mutants can be divided into three classes. One class (3D) accumulates histidinol, whereas the other two classes (3A, 3B) do not (Fink, 1964) .] It was also of interest to know whether the activity of other tryptophan biosynthetic enzymes was increased. For this reason, the activity of InGP synthetase (the enzyme preceding tryptophan synthetase) was also measured. Finally, when it was found that both tryptophan biosynthetic enzyme activities were elevated in all histidine mutants, the mechanism and specificity of the increased enzyme levels were studied.
MATERIALS AND METHODS Cultures. Seventeen histidine mutants and the parental wild-type strain, Em a, were obtained from D. G. Catcheside (1960) . An additional 15 histidine mutants and their parental wild-type strain 74A were obtained from M. E. Case (Webber and Case, 1960) .
Growth and assay procedures. All strains were grown in 125-ml Erlenmeyer flasks containing 50 ml of Vogel's (1964) (Yanofsky, 1956) . Protein concentration was measured by a modification of the biuret method (Zamenhof, 1957 Heppel (1955) . The formation of tryptophan from InGP and serine was measured by the method of DeMoss (1962) . Chorismic acid was synthesized by use of an extract of N. crassa (DeMoss, 1965) , and its conversion to anthranilic acid was measured fluorimetrically (DeMoss, 1965) . A highly purified fraction of tryptophan synthetase (designated R-2) was prepared according to Carsiotis and Suskind (1964) . A 40 to 50% ammonium sulfate fraction which contains anthranilate synthetase was prepared by the procedure of DeMoss (1965) .
RESULTS
Tryptophan synthetase, InGP synthetase, and inorganic pyrophosphatase levels. All 15 hist-1 strains tested exhibited more tryptophan synthetase and InGP synthetase activity than did their parental wild-type strain (Table 1) . Similar data were obtained for the other classes of histidine mutants tested (Table 2 ). The specific activity of inorganic pyrophosphatase was about the same in Em a and hist-1 mutant K85a, indicating that the elevation of the two tryptophan biosynthetic enzymes was not due to a generalized increase in protein synthesis.
Of the 32 mutant strains listed in Tables 1 and  2 , 27 consistently exhibited elevated enzyme levels. The remaining five mutant strains showed some decrease in enzyme levels after repeated transfers of the stock cultures.
Effect of growth conditions. Since Hogness and Mitchell (1954) used minimal medium supplemented only with 3.2 X 10-4 M L-histidine, the effect of varying amounts of histidine on the enzyme levels was tested. The hist-1 mutant K85a was used, because it had consistently exhibited elevated tryptophan synthetase and InGP synthetase. The results (Fig. 1) clearly show that both enzymes were elevated only at the lower concentrations of histidine, and that these concentrations were growth-limiting. The wild-type strain showed some decrease of enzyme levels when supplemented with histidine. The finding that elevation of enzyme levels depends upon growth-limiting amounts of histidine raised the possibility that limited growth per se caused the elevations. This hypothesis was discounted by the failure of wild-type strain Em a to exhibit elevated enzyme levels when its growth was limited by decreasing the sucrose content of the medium (Table 3) . Similarly, an adenine mutant failed to show any elevation when grown on limited amounts of adenine.
Effect of histidine intermediates. Ames and Garry (1959) reported that a limiting amount of histidine causes the accumulation of histidine intermediates. Such intermediates might be present within the extracts being assayed (Ames and Mitchell, 1955) , and could possibly activate tryptophan synthetase and InGP synthetase during the enzymatic assay. However, upon mixing extracts of three different classes of histmutants with an extract of the wild-type strain, (Table 4 ). This result also discounts the possibility that the lower specific activities of the enzymes in wild-type strain Em a are due to an inhibitor. Another possible effect of histidine intermediates is that they may act in vivo as false feedback inhibitors (Moyed and Friedman, 1959) of some step in tryptophan biosynthesis. This possibility was negated by the fact that the presence of histidine intermediates had little or no effect on the three tryptophan biosynthetic reactions studied (Table 5) . a Prepared and assayed as described in Materials and Methods. The enzyme fractions used were as follows: experiment 1, a 40 to 50% ammonium sulfate fraction of Neurospora crassa; experiment 2, crude extract; experiment 3, an R-2 fraction of tryptophan synthetase.
b This experiment was performed in the laboratory of I. P. Crawford. We are grateful to him and T. Baker for their hospitality and advice.
-These histidine intermediates were generously provided by J. C. Loper.
Indoleglycerol phosphate. DISCUSSION The observation that both tryptophan synthetase and InGP synthetase activity in all histidine mutants of N. crassa are higher than in wild-type strains is a new finding. Before discussing possible mechanisms of the increased enzyme activities, it is pertinent to compare these results with those of others. First, it was noted that about the same three-to fivefold increase of tryptophan synthetase observed in strain 10575 (Lester, 1961) and strain td 201 (Matchett and DeMoss, 1962) occurs in the histidine mutants. Second, the ratio tryptophan synthetase-InGP synthetase is not constant in the various histidine mutants. Thus, if the phenomenon of increased tryptophan enzymes in histidine mutants is due to derepression, it is apparently not coordinate (Ames and Garry, 1959) . Ito (personal communication) found coordinate repression of all tryptophan biosynthetic enzymes in Escherichia coli, whereas Lester (1963) , working with N. crassa, failed to find coordinate repression in tryptophan biosynthesis. Gross (1964) (Ames and Hartman, 1963) . However, the fact that elevation of tryptophan synthetase and InGP synthetase depended upoIn growth of the histidine mutants in a histidine-limited medium, which is known to cause the accumulation of histidine intermediates (Ames and Garry, 1959) , prompted the following hypothesis. If an accumulated histidine intermediate caused false feedback inhibition (Moyed and Friedman, 1959 ) of any step in tryptophan biosynthesis, the result would be decreased tryptophan formation. This would cause derepression of tryptophan synthetase and InGP synthetase, since tryptophan represses the formation of tryptophan synthetase (Lester, 1961; Matchett and DeMoss, 1962) and other tryptophan biosynthetic enzymes (Matchett and DeMoss, 1963; Lester, 1963) . We found, however, that reactions I, IlIb, and IV in tryptophan biosynthesis are hardly affected by a histidine intermediate (s).
Obviously, this hypothesis could be discarded if one knew which hist locus corresponds to the first histidine biosynthetic enzyme, because such a mutant accumulates no intermediate. Hence, the hypothesized false feedback inhibition in the tryptophan pathway could not occur. At the time these studies were begun, it was not certain whether the first histidine enzyme is controlled by the hist-2 or hist-3 locus (Webber and Case, 1960) ; furthermore, the latter gene was known to be complex (Webber, 1960) . Therefore, we did not know whether any of the hist-2 or hist-3 mutants in our possession included a mutant of the locus for the first histidine enzyme. Recently, the hist-2 locus has been shown to control the first histidine enzyme (Ahmed, Case, and Giles, 1964; Fink, 1964) , nullifying this hypothesis.
Although the elevation and depression of enzyme levels in the histidine mutants resemble derepression and repression, respectively, we have failed to repress the elevation by the addition of either tryptophan or indole to the growth medium (unpublished data). Whether these results are due to the existence of two metabolically active pools of tryptophan in N. crassa (M\Aatchett and DeMoss, 1964) 
